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Abstract 
The Mars probe, launched by India a few months ago, is on its way to Mars.  At this juncture, it 
is appropriate to talk about the opportunities presented to us for the Human Exploration of 
Mars.  I am planning to highlight some of the challenges to take humans to Mars, descend, land, 
stay, ascend and return home safely.  The logistics of carrying the necessary accessories to stay 
at Mars will be delivered in multiple stages using robotic missions.  The primary ingredients for 
human survival is air, water, food and shelter and the necessity to recycle the primary 
ingredients will be articulated.  Humans have to travel beyond the van Allen radiation belt 
under microgravity condition during this inter‐planetary travel for about 6 months minimum 
one way.  The deconditioning of human system under microgravity conditions and protection of 
humans from Galactic cosmic radiation during the travel should be taken into consideration.  
The multi‐disciplinary effort to keep the humans safe and functional during this journey will be 
addressed. 
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Orion with 6 crewmembers
5.02 - 30.74 kg per person-day
Oxygen 0.84
Food Solids 0.62
Water in Food 1.15
Food Prep Water 0.79
Drink 1.62
Hand/Face Wash Water 1.82
Shower Water 5.45
Clothes Wash Water 12.50
Dish Wash Water 5.45
Flush Water 0.50
TOTAL 30.74
kg
Carbon Dioxide 1.00
Respiration and 2.28
Perspiration Water
Urine 1.50
Feces Water 0.09
Sweat Solids 0.02
Urine Solids 0.06
Feces Solids 0.03
Hygiene Water 6.68
Clothes Wash Water 11.90
Clothes Wash 0.60
Latent Water
Other Latent Water 0.65
Dish Wash Water 5.43
Flush Water 0.50
TOTAL 30.74
kg
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Life Support Requirements Mass 
Breakdown
11.3 Metric Tons Per Person-Year
Resources and Recycling
•Water Regeneration Reactors
•Air Revitalization Reactors
•Environmental Sensors (Chemical)
•Microbial Monitors
Water and CO2 Recycling
Oxygen Generation System
Total Organic Carbon Analyzer
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Living with Radiation in Space April 2006
Space Radiation Environment
• Galactic Cosmic Rays (GCR):
- highly penetrating protons and heavy ions   
of extra-solar origin
- large amounts of secondary radiation
- largest doses occur during minimum solar   
activity in 11 year solar cycle
- low level background radiation: protons
(85%), Helium (14%) and HZE particles
(1%)
• Trapped Radiation in South Atlantic:
- medium energy protons and electrons
- effectively mitigated by shielding
• Solar Particle Events (SPE):
- medium to high energy protons
- occur during maximum solar activity 
- Solar protons from the Coronal Mass 
Ejections and HZE
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Data: BEIR VII 2006, NCRP 1987
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in USA 
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Components:
Protons: ~ 0.04 to  500 MeV
Electrons: ~ 0.04 to 7 MeV
Heavier Ions: Low Energies
Location of peak levels is energy dependent
Location of populations shifts with time
Average counts vary slowly with solar cycle
Counts may increase by orders of magnitude with 
magnetic storms
Nuclear composition
of galactic cosmic rays.
Log fluence rate vs.
atomic number.
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Integrated Visual Impairment/Intracranial Pressure 
MRI Orbital 
Image 
showing 
globe 
flattening 
al Globe Flatten Globe
•Choroidal 
Folds - parallel 
grooves in the 
posterior pole
e Flattening 
•Optic Disc Edema (swelling)
•Altered Blood flow
•“cotton wool” spots 
peropic Shifts
o +1.75 diopters 
•Increased Optic 
Nerve Sheath 
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Human needs per day
Beautiful Fragile Blue Planet
With God’s grace, Make a difference
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